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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 


EFFECTS OF TWO SPINNER SHAPES ON THE PRESSURE RECOVERY 
IN AN NACA 1-SERIES D-TYPE COWL BEHIND A 
THREE-BLADE PROPELLER AT MACH NUMBERS 
UP TO 0.80 


By Ashley J. Molk and Robert M. Reynolds 
SUMMARY 


An investigation has been conducted to determine the effects of two 
spinner shapes on the pressure recovery in an NACA l-series D-type cowl 
behind a three-blade propeller with fairly thick shanks. The spinner 
shapes considered were ап NACA l-series spinner and a spinner more nearly 
conical than the l-series spinner. Platform-type junctures were used 
between the propeller and the spinner. Ram-recovery ratio was measured 
at the cowl inlet with the propeller removed and with the propeller oper- 
ating. Data were obtained at Mach numbers from 0.20 to 0.80, at inlet 
velocity ratios from 0.29 to 1.37; and at a Reynolds number of 1.17 mil- 
lion based on the maximum diameter of the cowl. The propeller wes oper- 
ated at various advance ratios for blade angles from 33° to 58.5°. 


For the test range of Mach numbers, the гаш-гесотегу ratios of the 
cowling-spinner combinations with the propeller removed were above 0.96 
with either spinner for inlet velocity ratios greater than 0.6, and were 
about 0.005 higher for the more nearly conical spinner than for the NACA 
l-series spinner. The addition of the operating propeller generally 
resulted in lower ram-recovery ratios at the cowl inlet. With the pro- 
peller operating, the recoveries with the more nearly conical spinner 
were significantly higher than with the l-series spinner for all test 
conditions. At near design conditions, the ram-recovery ratios with the 
more nearly conical spinner were 0.03 to 0.05 higher than with the NACA 
l-series spinner. The inlet velocity ratio (0.6) below which there were 
excessive recovery losses was little affected by spinner shape. 
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INTRODUCTION 


Turboprop-powered airplanes have the common design problem of pro- 
viding efficient air induction for the turbine engine. The inlet effi- 
ciency of D-type cowlings, in addition to being influenced by variations 
in the geometry of the cowling, of the propeller-biade shanks, and of the 
propeller-spinner juncture, is affected by the shape of the spinner. 


Numerous data have been reported concerning the pressure recoveries 
for cowlings with NACA l-series spinners (refs. 1 to 4). Some data are 
also available (refs. 5 and 6) concerning the pressure recoveries for 
cowlings with other spinner shapes, such as elliptic, parabolic, and 
conic. It was shown in reference б that the inlet pressure-recovery char- 
acteristics were better with conical spinners than with elliptic or par- 
abolic spinners. This was the result of higher pressures acting on the 
cones, so that the boundary layer on the cones moved against a less 
adverse pressure gradient and, therefore, did not separate as readily. 

In designing a conical spinner for a turboprop installation, however, the 
necessity for clearance between the spinner and the propeller hub usually 
dictates a spinner of excessive base diameter for the minimum cowl size 
or else an undesirably long spinner of small cone angle for which there 
would probably be little improvement in recovery over an elliptic shape. 
It was thought, therefore, that as a compromise a modified conical shape 
might have some of the better flow characteristics of the conical shape, 
while retaining the compactness and the gradual transition to a cylindri- 
cal shape at the inlet characteristic of the elliptic profile. 


An investigation was made to compare the effects of an NACA l-series 
and a modified conical spinner on the ram-recovery characteristics of an 
NACA l-series D-type cowl behind a fairly thick-shanked, three-blade pro- 
peller. Тһе investigation was conducted in the Ames l12-foot pressure 
wind tunnel at Mach numbers up to 0.80 for various inlet velocity ratios, 
advance ratios, and blade angles. The angle of attack was 09. 


Some of the results of this investigation have been published pre- 
viously in reference Т. 


NOTATION 


А cross-sectional area in а plane perpendicular to the model center 
Line 
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Speed of sound? 


9 


b blade width 


с? а blade-section design lift coefficient 


р propeller diameter 
E total pressurel 
Шер ram-recovery ratio 
Н-р 
h maximum thickness of blade section 
J advance ratio, го 
M Mach number, + 
m mass flow, PAV 
ра Аз У 
= mass-flow ratio, тк 
n propeller rotational speed 
p static pressure 
R propeller tip radius 
= radius from center of rotation 
Та, thrust of the propeller-spinner combination in the presence of the 
cowling, corrected for the drag of the spinner 
Tea apparent propeller thrust coefficient, : 
V velocityt 
Vo equivalent free-air velocity (datum velocity corrected for wind- 


tunnel-wall constraint on the propeller slipstream) 


lAs used herein, values of a, Н, p, V, and р appearing without sub- 
scripts refer to conditions in the wind-tunnel air stream at а datum 
velocity, where the datum velocity has been corrected for blockage of 
the cowling but is uncorrected for wind-tunnel-wall constraint on the 
propeller slipstream. (See ref. &.) 


Vee 


з 


h у сг ле у РЕ NACA RM A53L29a 
a inlet velocity ratio 
В propeller-blade angle at 0.75 Е 
Ba design section blade angle 
р mass density of air- 

Subscripts 
1 ram-recoyery rake location 

MODEL 


The model used in the investigation was mounted in the Ames 12-foot 
pressure wind tunnel as shown in figure 1. The general model arrangement 
and the principal model dimensions are shown in figure 2. Coordinates 
for the cowling-spinner combinations are given in table I. The propeller 
Was driven by the 1000-Богверомег propeller dynamometer described in ref- 
erence 9. 


Design Conditions 


The model used in the investigation simulated the propeller, spinner, 
and iniet geometry for a turboprop installation designed to operate at the 
following conditions: 


air Inlet 
velocity 
ratio 


Climb 


Climb 
Cruise 
Cruise 


“pratt and Whitney T-34 turbine engine 


Cowling-Spinner Combination 


The NACA 1-62.8-070 cowling used in the investigation reported in 
reference 4 was used for this investigation. The maximum diameter of the 


1See footnote 1 on page 3. 
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spinners was chosen to provide the inlet area required for the design 
inlet velocity ratios and air flow. The spinners were of nearly equal 
length, and were considered the smallest that would enclose a represent- 
ative hub assembly. However, the 1-вегіев spinner was nearly ellipsoidal 
in shape; whereas the modified conical spinner was based on a conical 
shape but differed from a cone by having a fairly small nose radius, a 
moderate longitudinal curvature through the main body, and by becoming 
tangent to a cylinder at the duct inlet. 


Propeller and Propeller-Spinner Juncture 


The propeller used for this investigation was a three-blade type 
designed by Hamilton Standard Division and it corresponded to the desig- 
nation NACA 3.638-(675)(057)-0572. The design was for a full-scale pro- 
peller 15 feet in diameter, having МАСА 64A-series sections over the inner 
portion of the blades, and МАСА 16-вегіев sections over the outer portion, 
with a transition between approximately 40 and 50 percent of the blade 
redius. A cuff was simulated over the inner portion of the blades, end- 
ing in a discontinuity at the 12-регсепЬ blade radius. Plan-form and 
blade-form curves for the propeller are given in figure 3. 


The propeller-spinner juncture was of the platform type (fig. 2), 
having no twist, no taper, a thickness-chord ratio (h/b) of approximately 
0.11, and a modified NACA 64-series airfoil section. The platforms were 
fixed to the spinners at a pitch angie of 83° from the plane of rotation, 
зо as to be alined with the propeller-shank section when the blade angle 
was set at 48°. All surfaces defining the gap between the platforms and 
propeller-blade~shank sections were plane (fig. 2, detail "А"). 


Instrumentation 


The instrumentation of the model was identical with that of the model 
described in reference 4, except that the total- and static-pressure rakes 
contained six tubes each instead of eight. The tubes of the total- 
pressure rakes were disposed radially across the duct and spaced in such 
& manner that each tube was in the center of an area equal to one twenty- 
fourth of the total duct area. 


TESTS AND REDUCTION OF DATA 


Pressure recoveries in the duct were measured for each spinner with 
the propeller removed and with the propeller in piace and operating. 
With the propeller removed, data were obtained for inlet velocity ratios 
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from 0.29 to 1.35, ahd for Mach numbers from 0.20 to 0.80. With the pro- 
peller operating, tests were conducted with various blade angles, Mach 
numbers, inlet velocity ratios, and advance ratios as follows: 


Propeller blade 
я angle Mach | Average inlet Advance Thrust 
Т number | velocity ratio ratio Coefficient 


l-series spinner 


to 0.87 4.28 | -0.006 to 0.013 
„34 to 1.02 | 2.80 to 4.45 | -.006 to .031 
to 1.12 [2.ho to 3.65 | -.008 to .o47 
2.09 to 3.73 | -.008 to .077 
1.81 to 3.77 | -.007 to .10À 
2.43 to 2.93 | -.007 to .019 
2.06 to 3.08 | -.007 to .058 
2.05 to 2.98 | -.006 to .060 
1.65 to 3.01 | -.005 to .114 
2.08 to 2.58 | -.010 to .026 
1.62 to 2.67 | -.012 to .096 
O.T9 to 1.98 to 


-0.005 to 0.015 
-.006 to .033 
- „СОТ to O48 
-.008 to .067 
-.008 to .095 
-.017 to „398 


i Го ко С qr Е 
SBS SSS 


“Platform gap sealed 


All the tests were conducted with the model at an angle of attack of 
09 and with a Reynolds number of 1.17 million based on the maximum diam- 
eter of the cowl. 


The datum Mach number and velocity were corrected for blockage 
effects of the cowling as in reference 8. In no case did this correction 
exceed 1 percent. For the computation of advance ratio, the datum veloc- 
ity was corrected for wind-tunnel-wall constraint of the propeller slip- 
stream by the method of reference 10. The ratio between free-air velocity 
and datum velocity is shown in figure 1. 


The methods used in determining the thrust of the propeller-spinner 
combination in the presence of the cowling were the same as described in 
reference 8. The drag of the spinner in the presence of the cowling, 
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expressed in thrust-coefficient form, varied between Te, = 70-0020 and 
-0.0048, depending on Mach number and inlet velocity ratio. 


The inlet velocity ratios were calculated by the method of reference 
11. Mass-flow ratio mi/m can readily be derived from inlet velocity 
ratio by the use of figure Н of reference 11. 


The variation of ram-recovery ratio radially across the duct was com- 
puted by averaging the total-pressure readings from the four tubes at each 
of the six radial locations. All other values of ram-recovery ratio were 
computed from an average of the readings from all 21 total-pressure tubes, 
resulting in an area-weighted average. 


RESULTS 


The variation of ram-recovery ratio radially across the duct with 
the propeller removed is presented for the NACA l-series spinner in figure 
5 and for the modified conical spinner in figure 6, for various inlet 
velocity ratios and Mach numbers. Figure 7 shows ram-recovery ratio as 
а function of inlet velocity ratio for the two spinners with the propeller 
removed. 


The variation of ram-recovery ratio radially across the duct for both 
spinners with the propeller operating is presented in figure 8 for various 
inlet velocity ratios, Mach numbers, and blade angles for the advance 
ratios for maximum propeller efficiency. The effects of advance ratio on 
ram-recovery ratio are presented in figures 9 and 10 for the l-series 
spinner. Figures 11 and 12 show, for the 1-вег ез spinner, the effects 
оп ram-recovery ratio of sealing the gap between the propeller and the 
platform at а Mach number of 0.50 for the pitch setting for which the pro- 
peller and the platform were alined (В = 48°). ‘The variation of ram- 
recovery ratio with advance ratio is shown in figure 13 for the modified 
conical spinner. Typical variations of ram-recovery ratio with propeller 
thrust coefficient with the two spinners are shown in figure 1h. Figure 
15 presents a comparison of ram-recovery ratios obtained with the two 
spinners as a function of inlet velocity ratio. Although the blade angles 
and Mach numbers given in figure 15 differ somewhat from the design 
values, the ram-recovery ratios presented in figures 15(a), (b), (c), and 
(е) are for the advance ratios for design climb and cruise. The ram- 
recovery ratios presented in figures 15(4), (f), and (є) are for the 
advance ratios for maximum propeller efficiency. 
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DISCUSSION 


The ram-recovery ratios for the cowling-spinner combinations with 
the propeller removed (fig. 7) were above 0.96 for both spinners at inlet 
velocity ratios greater than 0.6, and were about 0.005 higher for the 
modified conical spinner than for the l-series-spinner. The recoveries 
decreased rapidly as the inlet velocity ratio was decreased below 0.6. 
For the test range of Mach numbers there was по perceptible effect of 
compressibility on the pressure recovery with the propeller removed. 


A comparison of the data presented in figures 7 and 15 shows that 
addition of the operating propeller resulted in lower ram-recovery ratios, 
except at a Mach number of 0.20. This loss in recovery may be attributed 
to a thickening of the spinner boundary layer (see figs. 5, 6, and 8) and 
other air flow disturbances caused by the propeller. However, higher 
recoveries were obtained at low Mach numbers (figs. 9(a) and 13(a)) ss a 
result of the addition of energy to the air flow by the propeller at high 
rotational speed and a favorable blade angle. 


With the propeller operating, the ram-recovery ratios for the cowl 
with the modified conical spinner were significantly higher than for the 
cowl with the l-series spinner throughout the test range of conditions. 
At near design conditions, the difference in recovery ratio for the two 
spinners amounted to 0.03 to 0.05 (fig. 15). Due to thickening of the 
spinner boundary layer, the ram-recovery ratio with both spinners 
decreased rapidly as the inlet velocity ratio was decreased below 0.6. 
At near design conditions, the ram-recovery ratios were above 0.88 with 
the modified conical spinner and above 0.84 with the l-series spinner 
(fig. 15). As the inlet velocity ratio was increased above 0.6 with the 
propeller operating, the recoveries with both spinners decreased gradu- 
ally. This decrease at high inlet velocity ratios is not in accord with 
previously reported data (ref. 4), and is believed to have been due pri- 
marily to the influence of the gap between the propeller blades and the 
platform junctures, as evidenced by the data shown in figure 12. It may 
be noted here that, whereas the gap between the propeller and platform 
was constant at 0.025 inches for the model reported in reference №, the 
gap for the model reported herein varied from 0.060 to 0.164 (fig. 2). 
At Mach numbers of 0:70 and 0.80, operation of the relatively thick 
propeller-blade shanks at speeds greater than the critical speed of the 
sections and at local blade angles of 93.59 also contributed to the Ң 0 
recovery losses. Operation of the propeller at lower blade angles at 
these Mach numbers (requiring lower advance ratios) wes not permissible 
because of structural limitations of the model propeller. 


м 
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CONCLUDING REMARKS 


The following remarks may be made regarding the results of the sub- 
ject investigation: 


With the propeller removed, the ram-recovéry ratios obtained at inlet 
velocity ratios above 0.6 for both cowling-spinner combinations were in 
excess of 0.96 and were approximately 0.005 higher for the modified con- 
ical spinner than for the МАСА l-series spinner. 


The addition of the operating propeller to the spinner-cowling com- 
binations generally resulted in lower recoveries. However, at low Mach 
numbers the addition of energy to the air flow by the propeller in some 
instances resulted in higher recoveries than were obtained with the pro- 
peller removed. 


The ram-recovery ratios for the cowl with the modified conical spin- 
ner were significantly higher than those with the l-series spinner 
throughout the test range of operating conditions. At near design opera- 
ting conditions, the difference in recovery ratio between the two spin- 
ners was 0.03 to 0.05. 


For both spinners, thickening of the spinner boundary layer at inlet 
velocity ratios below 0.6 caused large recovery losses both with and with- 


out the operating propeller. 


With the propeller operating, the ram-recoveries behind either spin- 
ner decreased ав the inlet velocity ratio was increased above 0.6. ‘The 
ram-recovery ratios at near design conditions were above 0.88 for the 
modified conical spinner and above 0.84 for the l-series spinner. 


Атев Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Moffett Field, Calif., Dec. 29, 1953 
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TABLE Т.- COWLING-SPINNER COORDINATES 
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Figure 1.- The model mounted on the 1000-horsepower propeller dynamometer 
in the 12-foot pressure wind tunnel. 


МАСА 3.638 -(675)(057) - 0572 Detail "А 
propeller (developed рюп form) 


21.825 
9.80 (length of 
МАСА 1-62.8-O7O cowl) 


m TOO 223 
ШЕР Брит экп 


throttle 
4.32 
3.50 

Е п. штей Model center line - 

Platform juncture 

(See detail А) Ram-recovery rake location “бА 
МАСА 1-50-74.6 spinner 

Modified - conical spinner Note: Dimensions shown in inches 


Figure 2.- Model arrangement. 
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Figure 3.- Plan-form and blade-form curves for the model propeller having 
the designation NACA 3.638-(675) (057) -0572. 
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Figure 4.- Tunnel-wall-interference correction for а 3.638-foot-diameter propeller in the Ames 


l2-foot pressure wind tunnel. 
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Ram-recovery ratio , (Н-р)/(Н-р) 
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Figure 5.- The variation of the average ram-recovery ratio with radial atation across the duct 
for various inlet velocity ratios; propeller removed, l-series spinner. 
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Figure 5.- Concluded. 


Ram-recovery ratio, (Н-р)/(Н-р) 


Radial station ,r, in. 


(a) M = 0.20 (b) М = 0.0 (c) M = 0.50 


Figure 6.- The variation of the average ram-recovery ratio with radial station across the duct 
for various inlet velocity ratios; propeller removed, modified conical spinner. 
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Figure Т.- The effect of inlet velocity ratio on the average ram-recovery 
ratio for the cowl with l-series and modified conical spinners, pro- 
peller removed. 
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(а) М = 0.20, В = 33°, = 1,5. (b) M = 0.0, В = #39, T = 2.0. 


Figure 8.- The variation of the average ram-recovery ratio with redial station across the duct 
for various inlet velocity ratios; propeller operating, l-series элй modified conical 
spinners. 
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Figure 8.- Continued. 
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Figure 9.- The variation of the average ram-recovery ratio with advance 
ratio for various inlet velocity ratios, l-serie$ spinner. 
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Figure 9.- Continued. 
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Figure 9.- Concluded. 
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Figure 10.- The variation of the average rem-recovery ratio with advance 


ratio for various off-design combinations of blade angle and Mach 
number, l-series spinner. 
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Figure 11.- The variation of the average ram-recovery ratio with advance 
ratio for the propeller:alined with the platform and the propeller- 
platform gap sealed; M = 0.50, В = ; i-series spinner. 
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Figure 12.- The effect of sealing the propeller-platform gap on the var- 
iation of the average ram-recovery ratio with inlet velocity ratio; 
M = 0.50, В = 489, J = 2. 45, l-series spinner. 
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Figure 13.- The variation of the average ram-recovery ratio with advance 
ratio for various inlet velocity ratios, modified conical spinner. 
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Figure 13.- Continued. 
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Flgure 13.- Concluded. 


ЗІ 


32 | Ее иц NACA RM А531298 


Ram -recovery ratio, (Hi-p)/(H-p) 


Thrust coefficient, Тс, 


Figure 14.- Typical variation of ram-recovery ratio with propeller thrust 
coefficient; M = 0.60, В = 53°. 
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Figure 15.- The effect of inlet velocity ratio on the average ram- 


recovery ratio for the cowl with l-series and modified conical 


spinners, propeller operating. 
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Figure 15.- Concluded. 
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